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Fast Radio Bursts

e Extragalactic pulses of observed 1-50 ms duration

e "coherent” with brightness T » 1030 K

e Multiple repeaters - FRB 121102 and CHIME repeater(s)

e Isotropic equivalent energy of >1037 erg

e Some exhibit high polarization (some linear, some circular, FRB 121102 is 100%

linearly polarized)
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FRB 121102
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Arrival times are non-Poissonian

Arrival times of pulses are independent of the emission mechanism, and
probe the trigger in the progenitor
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FRBs and "Magnetar Short Bursts”

FRB 121102 — 93 GBT bursts on
August 6, 2017
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Power-law Fluence/Luminosity Distributions

FRB 121102 — 93 GBT bursts
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What are magnetar short bursts?

~10 - 500 ms duration, typically 100 ms, with
shorter rise time

In any given burst, evidence of hot and cool BBs
with vastly different emission areas but similar
luminosity R2 ~ T-4

— implies coupling in the closed field line zone of
the magnetosphere, and confinement

Hot BB with small area = magnetic footpoints and
return currents

Cool BB with large area = thermalized pair plasma
in the flux tube

Burst energetics are low enough such that
magnetic dominance should be maintained in a

magnetar, i.e. o » 1 ©°}
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What are magnetar short bursts?

% QPOs (~0.1 kHz) associated with crustal-torsional oscillations strongly
suggest short bursts occur at very low altitudes and are associated
with the NS crust

% Such crustal oscillations damp on a timescale of ~1-2 s due to core-
crust coupling (e.g. Levin 2006)
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FRB 121102’s NS must not be a fast rotator

FRB 121102 — 100% linearly

polarized with PA fixed during a burst

and modestly varying between bursts
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Twisted Magnetospheres

% Known galactic magnetars must have modestly twisted magnetospheres to
€n, N 4,670 LX,35P

support persistent emission
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FRBs from crustal dislocations

% If crustal dislocations occur with wavelength A~ 104 cm at a frequency v ~0.1-1 kHz,

and if the cha

rge density is sufficiently high, the energy is dissipated by a plasma wave

interactions and fluid-like processes (E immediately screened)
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From the condensed matter
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Conditions for FRBs from magnetar short bursts

pburst > maX{pt\mst /)GJ}£

% Most (>50%) FRBs ought to yield short bursts, but not all short bursts
should result in FRBs

% — slow rotator with low magnetospheric twist

x Duration of FRB pulses set by characteristic plasma-filling time of flux tubes

2 1
A < TR, y—s § ~ 0.003 vk, 0_3 Low-twist condition
C sin“ Oy A (independent of B!)
2
P> sec Slow rotator condition (A¢ = 0)
VxHz0 —3

2 A

£2 — =~ 2 1 cm  Threshold amplitude — implies lower
vP VkHz P10 s

bound to FRB energy/luminosity

function for a given P
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Conditions for FRBs from short bursts

% Resonant Compton drag must not interfere - photon densities cannot be too high

—1

/:Ye,burst ~ 6/(meC)E ~ 1015.5Bl4kazU—3)\4 S
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Compton Cooling Rate: Thermal Soft Photons

14

1/4
| A R s ~ 9 % 107 (Bravianip?s)

For typical parameters for crustal
magnetic dislocations, efficient magnetic
pair production requires surface B > 1012
- 1013 G for above-threshold pair
production in CR RRLA
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Minimum recurrence time

x Core-crust damping (e.g. Levin 2006) limits recurrences to within ~ 1-2's
% Interestingly, the longest cluster of repetitions in Zhang+ (2018) persists for 2 seconds

* Within this ~ 1-2 s, the charges must clear a flux tube prior — the timescale of this is pair
multiplicity times burst duration for the critical/twist burst amplitude Ptwist ~ Pburst

% If burst amplitudes & are large enough, then recurrences may occur on crustal oscillation

periods of 1-10 ms )
FRB recurrence time =2 1/vogc OF KTins
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Propagation Effects

% Vacuum birefringence is unimportant for radio frequencies

% The characteristic scale for both emission and propagation effects is
the local plasma frequency

1 1/ 1/2 ,1/2 1/2 512 12
Ve S o' tuls ~17TB) o3 v g, GHz
/—27T 3 ,kH

% For 1 GHz emission, it must arise from about 7 Rx or the plasma must be
relativistic for transparency — both are plausible

% PA may be “frozen in” by “adiabatic walking” of the X-mode within about

T'to 1/3 pi/3 —1/3 —1/3 1/3 1/3
IR S 18 5514 R 705" Vo 'GHZ -3 Vosc, kHz
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Summary and Outlook

% Repeating FRBs like FRB 121102 are proposed to originate from magnetars
undergoing crustal slippages which are known produce high-energy “magnetar short
bursts”

x Most (>50%) FRBs ought to yield short bursts, but not all short bursts result in
FRBs

% Future: time-coincidence confirmation for nearby FRBs with short bursts — must be
very close O(1 Mpc) with current instruments

% PA variation — conditions are sufficient that adiabatic walking can occur of radio
propagation, so PA variation could be driven by geometry

% Prediction: if bursts during slow heterogeneous untwisting, small DM variation may
have the imprint of the rotator’s period

x Prediction: find period in PA variation? Need a large (100s) sample of FRBs with PAs
% Prediction: QPOs in large samples burst repetition clusters?

% Prediction: Repetition clusters which persist beyond 1-2 s should be rare due to core-
crust damping

% Prediction: Signals above a few MeV should not be seen in time-coincidence with
FRBs (but a MWNe may be present)
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Backup Slides
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FRBs and "Magnetar Short Bursts”

% Lognormality is just a parabola in log-log (low-order approximation of
a humped distribution at the peak)

% Lognormality of waiting times is observed in magnetar short bursts
episodes — loguniform character in arrival time
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The First Repeating FRB?

Exhibited features associated with modern

repeating FRBs: Unconfirmed in observations
which followed, but these did
not rule out episodic behavior

e Millisecond duration

e Multiple repetitions in clusters
e Luminosity of 100 erg/s

e Frequency drifts? 19
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